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Abstract: After many years of development, die casting technology of metallic materials has been matured. In this paper,
the lower-support and its injecting system were created with commercial software. And then the simulation software
FLOW3D was applied to study the flow behavior of the melt during injection filling process. Both temperature field and
defect distribution were simulated. Based on these results, the better injecting system with two additional overflows was
adopted.
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1. Introduction
Die castings are widely used because of their high
strength and good performance. Die casting is often
applied in magnesium-aluminum alloys, especially for
those thin-walled components with complicate shape,
because of their excellent casting ability
 [1].
Die casting is a complex process containing several
stages. Considering the design of the vent gate and overflow
in the mold, Garber simulated the tilling process
 [2,3]. And
he considered the changes of melt when cast using a
plunger. Too large or too small plunger speed was proved
to affect the cast quality
 [4,5]. Kaiser studied and discussed
the influence of the injection speed of molten metal into
the cavity and the fluidity of molten metal and cavity
temperature on the quality of the casting
 [6]. There were
some other applications of the simulation software also.
Lipinski et al. from the Germany company MAGMA
considered the influences of the eddy in the simulation
process and conducted 3D simulation of die-casting on the
computer. XU and Mampaey from the foundry center of
casting in Belgium performed the simulation of cast iron
die casting
 [7].
This paper aims at determining the position of overflow
on the cast. In the whole experiments, AZ91HP was
chosen as filling materials. When the melt flows into the
cavity with a certain velocity, it will hit the wall, and has
an abrupt change in the flow direction; therefore, gas will
be entrapped in. It is better to simulate the filling process
and choose the proper placement of the flow first rather
than the direct trials again and again.
2. Simulation processes
The simulation process involves the so-called preprocess,
calculation process and postprocess. In the preprocess
stage, the primarily-designed die casting, which was built
through AutoCAD, Solidworks or other designing
software was loaded. The ejecting system was added
before loading. Then meshing was done according to the
dimension of the die. The meshing process is very
important. If the total codes exceed a certain amount, the
calculating process will cost too much time and maybe it
can not complete the simulating process. If there are too
little codes, the model composed of mesh blocks may not
represent the actual object. So it is best to balance the
units of the mesh and justify the mesh model by the
preprocessor and make adjustment of the units. After
meshing, some correlated parameters, such as the
properties of the melt, the boundary conditions, the initial
conditions of the filling, the style of die casting and the
kind of simulation results that are needed should be
confined. The menu, as shown in Fig. 1, displays those
corresponding parameters that should be confined.
Fig.1 The model building panel
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In this investigation, the filling material is loaded from
the material storeroom. Otherwise, if there is no the very
suitable filling material, it can also be created based on
the required standard. It could be participated during
preprocessing, and the result depends on the parameters
that had been confined. If parameters were given in a
wrong way, the simulating process will not be completed.
Parameters could be adjusted during the simulation.
With all the parameters filled in, the simulation process
will automatically start after pressing the Runsolver
button. And then, the results can be derived in the third
process, i.e., the postprocess. The 1D, 2D or 3D results
could all be obtained if needed. By analyzing the attained
results, the design of the gating system could be modified.
The process parameters could also be regulated according
to the results.
3. Results and discussion
In this paper, a simulation on a lower-support body of
die casting magnesium alloy for high-voltage switch box,
as shown in Fig.2, was presented. Lower-support body
containing injecting system for computer simulation is
illustrated in Fig.3. There are only several overflows
applied in the teeth-like part. The temperature field at
different time during filling is shown in Fig. 4.
Fig.2 The actual object
Fig.3 Lower-support body with Injecting system
It could be seen from Fig. 4 that the temperature at
various positions with different thickness was not the same.
The temperature in the center region was the highest during
the filling process because of its large thickness. The
cooling rate in the teeth-like region near the edge was
greater than that in the center region because of the good
heat conductivity between the mold and the melt. And the
higher cooling rate resulted in the probability for
development of cast defects. The overflow region will
preferentially solidify, compared with the center region.
Thus, the gas entrapped in the melt will not successfully
enter the overflows. It was also found that the melt formed
eddy current in the vicinity of the die, as shown in Fig. 5.
In addition, some gas or impurity will be entrapped due
to the high velocity and pressure of the flow-front. The gas
or impurity will cause the unbalanced distribution of the
temperature. It could be found from the simulation results
that the melt with certain velocity runs into the cavity and
the flow-front with gas entrapment will concentrate in a
few regions (showed in Fig.6). By studying the filling
behavior of the melt, it could be learned that in order to
diminish the gas or the impurity inside the die casting
lower-support body, some overflows must be added near to
the region where the defects concentrated. The injecting
system was modified according to the simulation results,
and two additional overflows were added to the edge in the
centre region of the die-casting where too many defects had
appeared, as shown in Fig.7. And then, the simulation was
performed again based on the modified injecting system.
The corresponding simulation results are given in Fig.8.
Note that only the distribution of the defects was shown in
this figure.
The temperature and pressure fields were also calculated,
and the similar conclusion could be also attained. The
modified injecting system was much better than the previous
one. It could be found that the defects previously distributed
in the vicinity had transferred into the overflows, thus there
was no unfavorable effect on the properties of die castings.
The added overflow played an important role in the filling
process. It indicates that the numerical simulation in the
die-casting process is very important.
4. Conclusive remarks
(1) The Flow 3D has a friendly user interface, thus it is
easily mastered by the die casting designer.
(2) Through the computer simulation, the distribution
of defect and the temperature fields can be analyzed. And
the simulation analysis is helpful for the die designer.
(3) For the lower-support casting, the side overflows
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Fig.8 (d, e, f) The defect distribution of the melt inside the die
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